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viability, and the proliferation and differentiation
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expr de)si obdiviiingahckend poall ki drextesfarthes xgh obgralips of eH uits;
- cult hi 6Rdhd éaﬁiri‘énher 28ths desf?@d%irﬁrx badidgRnes which

are differentially expressed under desired culture
condi(®i ofrtionallXgrgpgatingices & y(d) fteratively as raasiredo®di t i ons

used (gan asS@HBL thd EBARIR f.h%ntc}aﬂ? uhie bl 1k *01RPE 6GR%SHs HLNASE, it has
cul ture condk%lons may be sel ected for the production

of cells in wWAFCH*RfEe expression 7 is analysed. Gene
expressi on may convenlently be anal ysed usi ng any
n &° J aatsll)e\éte th%xl vent?on prowdes a method for identifying a gene which influences a
cellular process, comprising the steps of:
a) determining the effect of one or more culture conditions on a cell unit, in accordance
with the foregoing aspect of the invention;
b) analysing gene expression in said cell units when exposed to said culture conditions;
and

¢) identifying genes which are differentially expressed under desired culture conditions.

Advantageously, the culture conditions used can cause a change in the cellular process; these

culture conditions may be selected for the production of cells in which gene expression




noni toring technol ogy includi ng PCR-based techni ques,

Serial Analysis of Gene Expression (SACGE), or array

technol ogy such as is widely available fromsuppliers

such as Affynetrix. In another enbodi nent, the

i nvention provides a nethod for producing a nucleic

acid which encodes a gene product which influences a
CRlahallsad. Gnd %ﬁﬁ'&;swﬁ)%prcb@eﬂlgntlydﬁ%hiﬁééﬂ ﬁlﬁng aﬁl_ye&ﬁ‘n}ﬁﬁitlve expression
above,. and {odu0|ng at g t he codlnq qlon of

sEPRLogRs, é“‘ﬂ{})’ G AReBding G Ry f9gRugues, orerialopalyst; efafene Expression
I @PIGEy,ak hredy-techiblélrystithtal &rwiddp@atiabld iR RpplfersdiehVds obe@n@tnx

nmet hod for inducing a cellular process |n a cei

conprising the steps of. a) identifying one or nDre
gemeahemhfbhdme:e ik fidventent ﬂr&dlﬁe)i CHARRB L Prddlicing a nucleic acid which

assaqci ation ul ar cess in accqrdan
e hesrvedien Bith Btk oRRE Frorge (revetr BES e o see o
abowahtl prductny aieat genading Nregitee of €did .gerkhBy @xdqi¢ie 26id Ginthesis or
gdgh%hgq%%%mln the cell can be nodul ated by, for
ﬁ%i P ransfecting or otherw se transferring the
gene into the cell such that it is overexpressed in a
f r er \"
g%g@g%@g 68 erd E é)%fe nhgggg{r%%gﬁs]ﬁ)g glge@u%gaa Q@Sl!ir p?%c%Ss n]i bgell comprising
thgetrsed: by targeted enhancer insertion or the
adgyi ni s,h&ﬁwu%rbne& REOGERONSICh A GikRnt etbre?édﬁﬁas@&anon
i ncrease (€.g., gratuitous inducers) or decrease (e.qg.
]PF‘%f'élﬁ@épmcewcco’idﬁ%ﬁé"étplﬂ"ﬁt"i“@ﬁ“@a@@or s) in the
expr es smsama@ﬁl% th ex 9@ Ken of Waili @AY &mord fResih BEUEL. Of the
gene nmay itself be adm nistered to or introduced into
the cell to achieve an increase inits activity.
Fhy tipedssiar ef ﬂﬁ@ﬁésSmV\ﬂ’lh chll icat be asedulated dgC fc&&&&mﬁlﬁetransfectmg or
gtgénr{;v}ég t%n:{%erfm ﬁ)eggeﬁg i gl?g%élld gud:hgchat 6 ésrgn\géeehrie%/sg% l’clln )a transient or
B@mart@et adavineri sAb@r@dﬁVﬂm tthe empalsdlon laf shestentlégefamst lggre may be
ct % Welp) h
iﬂ%%ﬁi |S%u§/1|I % Itb g &F%e{aeg ee% \a& S@%ﬁﬁmart %?o%:(glérsmtlmrﬁw% of - exogenous
SN, WEghenssi Ay indeasst @gs Bituitony indneere) foyi drgreaie (wg. antisense,

RRAE t%%%tldm E'a@l@rs?ﬁ@ tgé fei&és%@ﬁ'cﬁl thy ExPRSSRAr, 'tﬂc product of the
associ at i a cellul ar_ process as_set forth

HBE VY 15 bs)ad’&ee%f‘éﬂ gt OGPt o @fPFYEsy Pprease in its

. &ﬁv@ﬂlertiﬂaﬂﬁore Lagﬁim’ G/h@ﬁliﬂiﬁef aﬁ&oﬁdelﬁ&hs.’le,the Ed’ﬂl@ftﬁ By the gene product (e.g.
ermn the state of. t cel | ul ar ess. . in

cog}thztleﬂ{}cgﬂ?lba)ggﬁtét}v§ ml'tﬁH@r g% b maw@c&%f Han hfi gdmmustered to the

@tlal ysi s encode cel |l ul ar narkers whi ch may be

detected for instance by innunoassay. Al ternatively,

the gene products may be 8 enzynes that can be

lagstly uhéraspeetcthe invengiompriohidés aunstiomdomidontifyngltioustaaatarcelbnar

ﬁr&%s‘}% Eéllt, gcmpgiging {hg glreps Jre t hodol ogi es.

a) identifying one or more genes which are differentially expressed in association

with a cellular process as set forth above; and
b) detecting the modulation of expression of said one or more genes in a cell,

thereby determining the state of the cellular process in said cell.

Advantageously, the genes employed in this analysis encode cellular markers, which may be

detected for instance by immunoassay. Alternatively, the gene products may be




A further aspect provides a nethod for regulating a
cel lul ar process, conprising the steps of: a)
determining the effect of one or nore culture
conditions on a cell unit, in accordance with the
foregoi ng aspect of the invention; b) exposing a cel
to culture conditions which i nfluce the cellular
process; and c¢) isolating the desired cell

Aapatesl ihaghy bets g DB Lttty Wit RiokairfcOfol dut b Aioetric, or other
dkﬁfgrentlated cell froma bipotent, pluripotent or
{5t o?%nt progenitor, in accordance with the
foregO|ng aspect of the invention. Differentiated

part c ar | tly differe tlated Iur ot ent

+l|1§6'1‘ a FCt P aprﬁéthfdg‘h véqﬂaélﬁﬁft fﬁfllg T Bragess, co prising 816 steps of;
u ndi f &e rdet&trmmhgme pffexy efint of move kbl fireofditika® il b célluntlfiHg

' I | ul.ar i.es and other procedures in
%ﬁ%ﬁﬁ*@@%?ﬂw PE%H%%?FEEJ SREAEE: are required. Another
aspecb) akswinpra osll tdeslhae tobdiiad whivh inddethé fejlilagpradssagant
mhich | e ducing a cellular process,
conprlsﬁﬂéﬂgqgug?%dcap a) determning the effect of
one or nore agents on a cell unit, in accordance with
the foregoi ng aspect of the |nvent|on and b)
AgEtingly disglosedis e anethgd fr peodusipg cdiffereniiated celfeorp bipgtens, pluripotent
Gﬁbdlpblteﬂf pr@g'eﬂﬁ?& Sifi adcBrdhi@ widlkile ki s &%%ﬁ%ﬂﬁy biffeRftiated

nq% %_ <%§d by conventi ona

B a&ﬁ‘éﬁ?‘ pas y dffgreniated plipefens sells, oaﬁafe}?aylelﬁ@w@mﬁd but

m&ﬁﬂf@aﬁatéwmgeawlcansl drusPRT thidfigldatoves] &euma;rth%ﬁﬁ&l%ﬁ@ &ger
ereln SCIl 0Sse

€. a descri bed
Hré’FeglFﬁ‘?s B mﬁ?ﬁgﬁd’gg e@ﬂ?ela%ﬁqrﬁr@q‘&réﬂl s adherent to
solid carriers such as microcarriers or beads. Such
arriers _can ool ecu| es, such o
qt ef, s ect ag eg'(rf’Flg??rg) E?dog’é 1£gt}ém% &% %ea‘mvglgh 1socrapa%?e of inducing a
uﬂdmgmmmsﬂmamammamsmaumm as glass. The surfaces of the
Cﬁr:nl rd?tel{i;rﬁ%lg %1% ﬁ esc{ (r;feone rrrrgcgre]; gtg Prg Ieglﬂl%gf,rm SCC\‘?%%CS with the
f@m%@ﬂspmk@fﬂglm\feﬂtlmh@cul ar entities with a desired
char 8 i@ Hos 55 r
he CZ r1 i éf?l E 08 I)agltll‘élg@ﬁ@cgghgld s%t%fl gelluﬁl érggegsaihlthe%el}{umts
encapsul at ed Mﬁthln a matrix that alloms per fusi on of

 Adent$ i&@ﬁtﬁﬁh | iy sShiRQRATRY %h%lnonalv«l:lﬁﬁl%la Bfobl%‘fmé‘ap bl def techniques,

ve sjgnificant advantages, includingt

aﬁ%ﬁ% Bipsor re%}hqda rerresulpfipg adisulan selylar Ef@FqSSCErW F@lstfer gy@mple as
desorivedmeint | y exposed to selected culture conditions

as required in order to cause the desired cellul ar

process. In the broadest enbodi nent, therefore, the
Discluse héleiﬁ ap 0sthéle Sf dultimihg oells fagl[erd'ﬁujlto:i alid gﬁn@r@ kot ak Fhicrocarriers or

Vi t risin rowi ng sai s adnher
bei, SHSPLPRICE 2B P KOBR0C I, BATUTLEIET Jueh e pedfesie, ogarose, or
csy]dm]u_éef;_tcedndrgnnﬂ:t mhteddd swheasCH@RgEheOdurfadek tofirthe carriers may be further
mﬁt’gﬁ]%t E)IIG ?)ﬁ])%{calpgre&%&gc?l %Batlaf:nq P%xr (#%){pgﬁ{ %g ﬁ%‘f%lfpte cross-linking of
molevutiic trititisswithPr debierdabirgs or other desired characteristic. Alternatively, the carrier may

consist of a cell or cells encapsulated within a matrix that allows perfusion of




said change of culture conditions conprises a change

of medium Disclosed herein are nethods for culturing
cells in which pools of cells are created and

subdi vided as described for the precedi ng enbodi nents

of the invention. Thus, in one enbodinent, there is
provided a nmethod for culturing cells in vitro,

conprising the steps of: a) conbining one or nore

cul tures of cells grown under different conditions;

shaellpy sized materiglgMicsaraie quiiurg ApryhargHERIfcaRGHI e dcluding the

defte up! lof BRfurd MRACHISERAMbws EdIlnfts it bP EQNEAGHRY 3xpRINRL B culture

cul turing cells in vitro, conprising the steps of %
SoRditioRsEF Frgvisedde pidert past e dester eflulapiprpeess: Hifhe rolest embodiment,

tGetbfoé] e iiaeRtich WRovitles Bcthod F@URRurRE: eI ih Siitrd@Bénprising growing said
said group of cells under two or nore

lturin
‘Ei’rﬁd@?réqlg’ aggiprgcagier o{repdir ¢ conditi ons. Preferably, the
ceIIs are exposed to 3, 4, 5 6, 7, 8 9, 10 or nore

fferen u re condition The cult condj.ti ons
?7‘“1?80‘{3{%%&'5 olire gt ip ot i e eﬁ%gcen jfons. Preferably,
ﬂmdraﬂﬁb]e&bmtolmﬂﬁ@m Qrv, 8NN e oY ef mbe ﬂﬁﬁl‘eﬂt Qiltorél cdiditions. Preferably,
st em di fferenti at ed

gg% Q cul t e?
SeeFL gedoer}ll\%%cqn?%?ﬁlsqg rﬁswesbae régelorflmv tPo, adherent to
m crocarriers, such as beads. Mcrocarrier culture nmay

Dt&?f‘()ged hgxleglryré Ilﬂ&ﬂl’gig f(ﬁ leIﬂlﬁf??&?lg’ in d{fﬁ%lga%gffs ggcf‘eﬁlp Ste B %;IQLCF z%nH lebdl\’lded

tures, al So alTows uni em ce

apdeprsibedifor the prepedingembedimenty of thegmettianoBlnsais onesputiodignt; there is
pMeJaﬁlah&%MhﬁJgeceﬁﬁﬁ wu%dco%gyiﬁgkh@aeys f:

erentiation conditions. one I ment,

di ff
t her Bt GPmbinpg ang gymoFR GuBswes A s?ﬂsaewnﬁetd#&aenf ganditions; and
cul tyr icllghring BRcEIRluh&r 3dteinél Jobh@fi@Rt | ated cel | s derived
fromstemcells in vitro, conprising growng said
cells adhered to a mcrocarrier or bead. 10
In Adrthandngbgydimesd, sheretidygoddddiauniethotddigt chleuritig lo¢lBdii @do,loomprising the steps
ofl east one change of culture conditions. Preferably,
they are subjected to 2, 3, 4, 5, 6, 7, 8, 9, or 10 or
nnakimmﬁﬁbgenﬂl%mm®umé conditions. Preferably, said
ch [ ses
gﬁgﬁl + c QIg!r;] g'}wh (g Pfg()r(réregﬁ.g)é Oq ceﬁs Jl}l t u?uuﬂ% said group
st emo€ 'éﬁ“lS yndehtvwmr alerogbiiirant gxts of F’éﬁﬁ@@nﬂlﬁoﬁir e created
and subdivided as described for the precedi ng

Pr&é}mg 'tﬁﬁe&¥1§ar9 fe)é#ogh% tb @VZ? @t %G}'nS 9-”%' §r mbfa dﬁﬁe?enﬁaﬂt%tcondltlons The

there Is provi fOf cuturlng stem cel
culijisel cenditivay may bepwdeenagsomrtp wewprise anghangs maf gesdjus. Tlhﬁ invention

moYéoQEr%roa@Br@Sﬁ@és rﬂ&tﬂoﬁ@oﬁ%ﬁnﬂﬁg%ﬁem &lis gilﬂ il eNGat QRO Berived from

nore cul tures of cel gr own under ferent
steRioffp R gHE, adhfent 1 nefapftamerSn guahhes eatly. MigiogaTiercois may have

sighiBi0k Edv@ﬂ§ges |1Hch§dﬂgttfi§§ca1%-rﬁp ‘éﬁédﬁﬁ{& an& Qﬁ& Qidw? uRftLHs@8CeBs to be
nmet hod for cul turlgg stemcells and fferenti ated

exRogid @ selgeipd GG opsiiansean requireds iy order; tp mtamc@ﬁﬁf:ﬁlrﬁl grpwth and/or
diffeRitifioR RBndifions. In one embodiment, therefore, the invention provides a method for

culturing stem cells and differentiated cells derived from stem cells in vitro, comprising growing

said cells adhered to a microcarrier or bead.




a) incubating a stemcell culture; and b) splitting

said culture into two or nore groups of stemcells,

and culturing said group of stemcells under two or

nore different sets of culture conditions. Preferably,

the cells are exposed to 3, 4105, 6, 7, 8, 9, 10 or

nore different culture conditions. The culture

Q@Rditdctany, tsadinad wt&gﬁ@#s&a/ 1€ AREdt SRe 3hMHBARYQuifthe conditions.
[ vantageously3 cells or stemcells _my

i d | be "
R e oy grecupiFetesip 253, %edch 7e®1% ol ¢ miftereit fyltyp gonditions.
@Fefer By, €aid e bliire dofditidX 35 rRes o dghg 8f heditth,t S can
be single cells. However, each cell unit can conprise
one or nore cells or stemcells adherent to or bounded

Disclased Serkiin Grestidiisids fok eyltuShEdlera Selid iMWEIEIOSRIsOf etem @Ellskeddeated and

Further soli bsirates. may.incl ude wel | or .

VIR e Prvbtiet Pah Preeimtatphdfiett 6 Be dretiioPngigein we sspect,

there $¢ feovidedlalnetiail $a lcdseidg bemetly andyifioentimedlcelth dafivedfrom stem cells
ita hi opeactor.s. For exanple, the nmethod may be

%33%%?%§6“ﬂ§?ﬁgwﬁ%ﬁe than 50g dry wei ght of

i cr coapmbieing omror eboreDelwes qf célsigravin unfie diffeyar @sdifigrgLand

| ShQyRuRRing 2 08 Gnddf cotihdnlcoR@@nscel | cul ture

performed over three rounds. A group of cell units is

obt ai ned by grow ng under a given condition. Cel

Il Rirthér eMbBdidRM Gk ¢ pARiRE A44Rd 3§ Luliieihs TBAQLR 48 438 %ntiated cells

1 spheres and groups, of cell units are shown in
d%ﬁ“é??&?"fp celein Vit samprisipgthe SiEpsiof nt o three al i quot s

whi cla) &cebading 4 ssmecklifealturé;\and days under different grow h
n ts.ar

conditions denoted . A B ~C_The cell uni e . .

s ubs &4 ey SEedAth P R SR8 P &l St pingseid

gedup qisiens colll iugder tware mgreahifferannsherof cdtuel dohditisisD, E or F.

After two rounds of this protocol, it can be seen

that the various cell groups have been exposed to al
Prsdpsailyp the celbrtse exneded ins3, 9f 5.ell 8, 9cil arumase differeiticilime conditions. The
clttusddoRdigors QWS dBnk JohdMPEonfBd P g for SRdiIt - POOl cel |

culture. In this case the experinent begins wth

three groups A, B and C. The sanples are pooled in the

AlivahBieonél@ Rells2d dremSHISARGURHul e Rl cbll uhkiR] AcIPEDAUWRS cbnprsing one or
and F. @%Eure 3 sﬁgmg a_varHﬁtiop q{ t he split-poo?
MR SHS o ¥ e waip e selt MR Py s e AClss and € are
directly partitioned into groups D, E and F wi t hout
' l.ing. The partitioning,of _individual ce
HBLGEE RN Bk cal STRRE bl drapbebnS sl B B3 bppaca by o
sojd shiptste,asufhupt haericroamicator berdo Furthee salid] substpies magretdheid a well or

médﬁﬁ(‘-’ﬁéxﬁﬁalﬁeeﬁaﬁﬁegf oups A, B and C are partitioned into
ce groups D, E and F without prior pooling, whereas

in a second step cell groups D, E and F and pool ed
M@Rshs HRIRGHE RErlsYor ek biils (AR HcR H8) e sB1QURSn Qitable bioreactors.

For example, the method may be practised using more than 50g dry weight of microcarrier.

Brief Description of the Figures

Figure 1 shows an example of split-pool cell culture performed over three rounds. A group of cell

units is obtained by growing under a given condition. Cell units are depicted




Hand I. Figure 5 shows a split-split protocol
conprising a first step in which cell group Ais split

to formcell groups B, Cand D, and a second step in
Wi /088y groups B, Cand D are split Il to #OraB2003/004287
cell groups E- M _J Figure 6llshows a split-pool

rotocol which contains a split-split step. After two

p
|a§ §AtresAnd grolups bf ol witd ape shdvidin 1REkd. THE RUPSNAS 2B s?;ﬂfjinto three
resulting In three

h I
ofs, P o i rof e Bl Gl Aot s Gendltiansoispotod A, B,

ce group

152 The oell Ghltsl\me Qubéaiuehw? Fb@iédﬂ 8nd %Fiﬁ Rinkd 1R firto Zﬁr?Q a‘ﬁ@unots which

cul ture con

%&gg b‘bﬁ?fggog' tiops Bu %Pf Bf A%twonemnc@@ﬁbnsearoﬁotolau can be seen

’d:let thel ea{noefsf@ﬂtgrbﬁps)h&@é \bégn'éiﬁgﬁégleﬁ ougH 'b%FQﬁ%' YSFbib &AM of el

only, and assum ng t
éd“ﬂﬁa %ngﬁg Sassayed in the various cell groupl ngs

con
subsequent to the divergence of |ineages A, B and C

then the conditions of culture of cell

e i denti cal
%gﬁLgﬁ&d oS q ﬂgthgf gﬁ%rﬁplﬁg:)fr_ﬁp irroaigelt cltre slaehisi alsettive experiment
l:telgms Wit théar groei E&e@ta 2NAL €. &he LahPR J@epdﬁetdqﬁhﬁ)ge{;rsbptep, and

ures 1-6 can be use
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Flgure 7 shows cell wunits conprising pluripotent
ic stemcells, expressi chimeric Tau-G een

F teﬂ“fjeo%{ é@ Qe vator; fh@a%ﬁ'!ér@n@ldnetgothemammemmrg'rm;s A, B and
C(y divpetlyepartition it BAsp 5‘[@@&1&9%@&)‘10?@%&" 80!2@ ﬁ% partitioning of

cell units conprising
'“é%(@“a&eiy ou P@Uﬂ%\f'é%ﬁaéﬁ'@ﬂppbfr@me(p@eyermmdon prot ei n

and the porous m crocarrier Cultispher G undergoing
Fidl ffzgrentl a ?1?% as determ ned by antibody staining for
PR h¥aratiog|of thesnlispodmmsthodimnehich AelDgsiupwA, B and

Car&:adaﬂtltrmdtin@kﬁ‘e‘ﬂrg\fﬁﬁbsuﬁl EQana M) @grt bé(cﬁ: V# n\gﬁérteﬁg"f‘ na second

st PGEIRY ! £ao I o Bl s aubrmguotihemarinodins chgroups G,

H éndH) rmrkers GFAP (O and (green) GFP (D) are
apparent. Panels C and D show what appears to be a

l'inear array of cells (white arrows) remniniscent of

Figyiré & shmwaamplmpp&it n@tﬂc@néd)m@iéﬂﬁ‘geé? first SIBPH ﬁrh%h &EQ@%‘% is split to

rlnar anti -

whi ch
forﬁ'notggl k?g{):w%h éﬁ? ngﬁptat sl,ﬁ%onégtﬁgpn Wh§ﬁé"\%§ GEPUPS 7 ¢5 @D are split

to formagell gtHuamEedbe fl uorescence m croscopy show ng
differentiated enbryonic stemcells growing on a non

porous mcrocarrier (Cytodex 3, Anersham
FigBieo8 shews e split-pivt prtbdod whidhr staids J aptEhRt 86, A& two rounds of

splthﬁ&"ﬁ}%clﬂ(?drhﬁ a!:éllygroups A, B and C are spiit without prior pooling, resulting in
three cell group lineages variously derived from cell groups A, B or C. Note that including
a split-split step can be used to deduce the role of cell culture conditions in producing a
cellular effect. For example, if a cellular effect is observed in cell units derived from
lineage A only, and assuming the cell culture conditions assayed in the various cell
groupings subsequent to the divergence of lineages A, B and C are identical, then the
conditions of culture of cell group A at the branching point must be essential to the
cellular effect. Note also that the methods illustrated in Figures 1-6 can be used in a

number of combinations.
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stained red with a fluorescent antibody rai sed agai nst

the neuron-specific protein beta- tubulin IIl. Yellow

col ouration indicates coincident red and green

VP VMG Fi gure 9 shows phase (Panels A C E) BOWGE2003/004287
fluorescent (Panels B, D, F) niciophotographs of cell

units conprising Hep& cells attached to non-porous

IS dahawsr el GpitodempBsing pLripeERS BABHBIRS SicfNGER) ‘expressing a

Rankkis TAL B ptive tral cell unit showm ng
conver s?g? rggﬁgt“#(g?\%ﬁeégEF%?"FW@S*‘%P [GeBoPUE Fhicsariers (Cytopore 2,
pinsahem Bipssimices/ D negati ve control cell unit '
cultured in the sane manner but to which no

et hoxyresorufin was added; Panels E/F. cell units

FigiteobiRepels A ishoposdl aNReEd iing ﬁ?ﬁlgg{%gekﬁ}éésiﬁgo'é%au- Green

it th th

Eiggi%g% trg%hegéggé%%% gﬁq?’t@iﬁ qrsly éhes pefouRs Bicracatriar Eultispher G
ng differeaiitidnyas eaBMIREd ﬂgaﬂfﬂbﬁyﬂeﬁﬁ% o %‘kptro jon of i

s 4t (eq it ! I g3sion o the glial

fé%l]ggfr §§§%”%%Pei§?x,5$ SB faan%ﬂ|un%§ p@selﬁggcé S@ing rapffﬂe)mtagﬂiﬁe lyrder phase

| ect

reicioacapy (ANNdrRY Lieder TRt cEMRtin Shidlhe MRS aE%n%Fqi blue usi
f P450 . Cell t dent —at f 'bq‘i’t ing
do$ g,@ls,]gﬁd E]eﬁ (?efﬁi(fggf#@f 51@':@% gékaﬂecgﬁﬂnﬁ) Iﬁg‘:l%ﬂgbzﬂrlél appareng Panels C

and iDhghoRRlvXt fs 8. belh teg. - .
oL et s dcer ARBFEP LR (e arrows) reinigoent of g

i of uency trans
mﬁ@%&n@ géﬁ%ﬂ‘?ﬁﬁi %rogg%qﬂ%@gpqsﬁ-Hesthe% somiep! acelf amit@r vhich the primary

anti:&FAR aplibddy Meddbann digitteq. t he strai ght edge of a gl ass
encapsul at ed radi of requency transponder (Ilight
m croscopy, top; fluorescence nmicroscopy, bottom

Pansi deshawmge corpbbite )imabs) ryanie stem cells .
GifSREESS n%bV\D 5?104/ 03}2690%%%& Gé’%ﬁ%%ﬁéﬁ%@ ﬁ‘i OY5epYy showing
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centre). SWPE SPENt Antihody sized anainsd tee niewfonegpeeific protein beta-
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cells. ES cells were grown on Cytopore 5 m crocarriers
in ES nmedium (A), CDM (B), or DMEM (C) with no
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Figure 10 shows labeiling of cell units using RFID. Panel A: glass encapsulated
radiofrequency fransponder ID100-A (Trovan); Panel B: mouse embryonic stem cells
expressing a Tau-GFP fusion protein growing on the straight edge of a glass
encapsulated radiofrequency transponder (light microscopy, top; fluorescence
microscopy, bottom; merged image, centre); (C) shows embryonic stem cells expressing
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Cul ti spher G microcarriers without (E, F) or with (G
WP 2¢4586Pi nked biotin noieties, stained W thpcrgpronsmoss?
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1:1 mxture of red and green streptavidin |atex
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m croscopy (B) and can be manually i solated fromthe
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optical scattering (Extinction for
green fluorescence (FLUL) versus red fI uorescence

Flgl(JﬂéLlflJZ) sh@s IE’@élmgs of taed pl t@ﬁulat%h%l Ypi r%rcﬁifcaf‘yérgd\%h Swo different

CcCroca r| ers | elled w | uor escent
fluob%sg tla ogaex& lereaarTsEs wWete inopbatey separately with red or green

strebltallw ﬁ%@ﬁ%aﬂ@] theR OfREA 18 AN 19 rfRNCIrReP wARE Vdwed using phase
111 ust

microscopy (X) and with filters to detect green (C) or red (D) fluorescence. B is a
merged photograph of C+D. Both iabels are readily detected, and no significant transfer

of labels was detected.

Figure 15 fllustrates the double-iabelling of microcarriers with two different fluorescent
labels. Cytodex 3 microcarriers were incubated with a 1:1 mixture of red and green
streptavidin latex beads. They were viewed under phase microscopy (A) and with filters
fo detect green (C) or red (D) fiuorescence. B is a merged photograph of C+D, Each




| abel ing of the mcrocarriers results in an
increase in their red fluorescence signal. Panels E

and F: Analysis of a group of cell units conprising

Wy riodex3@® and ES cells expressing a Tau-GFP  periapa003/004287
transgene. Increased scatter ijg the plot show ng t

vs TOF [E] and the broad range of green fl uorescence

1pRtddyrir i dduwaabelég! | units which can be sorted on
the basis of cell nunber. Figure 18 shows
identification of a tag used to Iabel a cell unit.
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CeRrSuelestdHnion Bioxasrics Imeg Sonepvild, BA) lr%%[lﬂleﬁt ﬁ&né@A and B:
red-fl uorescent |atex beads (Si gma) showi ng t

Cytedaxat misrpeartiersisosywanded lmﬁsssweﬂépéﬁdttﬁfougﬁﬂ@@rfé"r and

H, boxed area) and the characteristic flUorescence

(
mericesssior gize i(Fimetnd FigE; TOEpr@rseensiRarfarBtly Edincts ) [A]
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boxed area
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channel intensity characteristic of the tags
fhaﬁaaemeg ebthenwigrochiers iebultinianrin@base ifuhdil RUifEbibcSice signal.

tags used to |l abel mcrocarriers. Panel A
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fusmn protem and biotinylated Cultispher G microcarriers labelled with stretavidin-coated
red-fluorescent, 1um latex beads (Sigma), observed under phase microscopy (E), and
under green (F) and red (G) epifluorescence optics to visualise GFP-labelled cells and
red fluorescent tags, respectively. Panels H - K: Calibration of FACS using a control
sample of 1um red-fluorescent latex beads (Sigma)} showing the characteristic forward
and side-scatter parameters (H: boxed area) and the characteristic fluorescence intensity
in the FL3 fluorescence channel {I). FACS analysis of a single proteoiytically dlgested
cell unit labelled with Tum red-fluorescent latex beads (Sigma), can be carried out by
gatmg on the previously determined size parameters for the tags (J; boxed area)
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differentiation of said cells. Thus, the termrefers

to the nmedium tenperature, atnospheric conditions,
stirring conditions and the |ike which may

strate,
‘ggfz@’éfmpﬁé growth and/ or differentiation of perk®2003/004287
More particularly, the termréfers to specific agents
whi ch may be incorporated into culture nedia and which
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Stemcells may be differentiated in vitro to give
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Cells differentiated in vitro are cells which have
Defisétionsr eated artificially by exposing stemcells to
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differentiation. WO 2004/ 031369 PCT/ GB2003/ 00-1287 16
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vitro to give rise to differentiated cells, which may themselves be multipotent, or may be

terminally differentiated. Cells differentiated jn vitro are cells which have been created

artificially by exposing stem celis to one or more agents which promote call

differentiation.




bead to which is adhered a group of cells. Totipotent
Atotipotent cell is a cell with the potential to
differentiate into any type of somatic or germ cel
foaa-iopisthe organi sm Thus, gy desired cel |l meyrThER2003/004287
derived, by sone neans, from & otipotent cell.

Pluripotent A pluripotent cell is a cell which may
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uni que identifier to the cell unit. Exanples of |abels
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B PPEREC 0 eI samesculiksheangitiops.c pe axaamp,tend icell onib may comprise a

hb@:ntdvtlh:tﬁts e pRupptast Wi th a medium or grown
under conditions which affect one or nore cellular

process(es) such as the growh, differentiation, or

Tetipdteht cAgb@icternfcell e acitlwith t_ﬁBlb%teﬁtfal H‘@tﬂ%\'gngvblfe into any type of
condtlt ons CO"E{ S ﬁ]turln the cell in a

THEHED 9578 BHaCEBd ' Hhe: praanied I'thif cﬁﬂYad@u}'smC@Hémy be derived, by
pene ogtans, froma thipotait celp have an effect. Likewise, if

the conditions are tenperature conditions, the cells

are cultured at the desired tenperature. Pooling The
Plovipotento pindpalentnietds gralshidf negldiffdtBhiiste il ®ht8Shan one, but

,{c]?gua%m%ége of the groups to create a single group

I'ch conprises cell units of nore than one
. background that is, that have been exposed to nore

t | t
L -
aoqaulh:@ehcom@mrﬂr)a, semulehc:eg Dbuptaxreabmdlﬁﬁnst ReWBRhMBS cell unit has been
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- or tracked during, the culturing steps to which the cell unit is exposed; or simply a
positional reference, which aliows the culturing steps used to be deduced. A label or tag
may also be a device that reports or records the location or the identity of a cell unit at
any one time, or assigns a unique identifier to the cell unit. Examples of labels or tags
are molecules of unigue sequence, structure or mass; or fluorescent molecules or
objects such as beads; or radiofrequency and other transponders; or objects with unique
markings or shapes.




Proliferation Cell growh and cell proliferation are

used i nt erchangeably herein to denote nultiplication

g nunbers without differentiation into different
é?f""t”ﬂ/ﬁé%’ or lineages. In other words, the tePEBGB2003/004287

denote increase of viable celllhunbers. Preferably
proliferation is not acconpani ed by appreciable
Bkt cpHureotypditions géncaly Besxpobkd ft@roenmreaédrfm:ons when it is

P MO REVAER affod b Sieeddeb Fontons e aifeot one or more
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may have been |nduced and may conprise a nunber of
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t he codi ng sequence which encodes the gene product
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i [ c | e ni_ que
y@??éﬁb&g?d%c%d%g&ﬁ%téﬂn ﬁes 'S % 5‘%& mature cell type
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:Efp@g@ypgsst@pﬁ)vmﬁ gifempatiation, state of a cell is the level to which a cell has

differentiated along a particular pathway or lsneage

State of a cellular process The state of a cellular process refers to whether a cellular
process is occurring or not-and in complex cellular processes can denocte a particular
step or stage in that cellular process. For example, a cellular differentiation pathway in a
cell may be inactive or may have been induced and may comprise a number of discrete




Differential Expression Genes which are expressed at

different levels in response to cell culture
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~ Moduiation The term moduiation is used to signify an increase and/or decrease in the
parameter being modutated. Thus, modulation of gene expression includeé baoth

increasing gene expression and decreasing gene expression,

Cell-based assays

‘Cell-based assays are an important part of modermn biomedical sciences and comprise
any assay that involves a step in which a cell is used. Cell-based assays can be used




A maj or application of cell-based assays is in
toxicity screening. A crucial part of drug discovery
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Stem celis are described in detail in Stem Cells: Scientific Progress and I—;uture Research
Directions.  Department of Health and Human Services. June  2001.
hitp://www.nih.gov/news/stemcell/scireport.htrm.  The contenis of the report are herein
incorporated by reference.

| Stem cells are cells that are capabie of differentiating to form at least one and sometimes
many specialised cell types. The repertoire of the different cells that can be formed from




specialised cells will be a pre-requisite for cell

repl acenent therapy and it will thus be necessary to
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There is still considerable debate about what constitutes a stem cell, however for the
purposes of this discussion a key characteristic is the ability to differentiate into a

- different cell type. Examples of stem cells are given below.

Different stem cells have differing potential to form various cell types: spermatogonial
stem cells are unipotent as they naturally produce only spermatozoa, whereas




fromwhich that tissue originates For exanple, it has

been shown that blood stemcells (derived from

nmesodern) can differentiate into neurons (normally
YWeri#@a136y om ectodern). Tomm et al. (2001, NatP@TBGB2003/004287
Cell Biol. 3, p778-784) have r8tently described the
identification and isolation of a new type of stem
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In addition to the adult stem celis there are numerous types of progenitor or precursor
cells, These are cells that are partially restricted in their differentiative potential and
oceur in probably all of the tissues of the body — they are capable of differentiating but
differ from stem cells in that their repertoire is not as broad, and by definition they are not

capable of self-renewal.
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important in specifying the fate of a cell popul ation
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. -Most | aboratories use disposable plastics as
substrates for tissue culture. The plastics that have
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One important factor is the decision of whether to propagate the cells in suspension or
as a monoiayer. aftached to a substrate, Most cells prefer to adhere to a substrate
although some, including transformed cells, haematopoietic cells, and cells from ascites,
can be propagated in suspension.




and suitable for cell attachment. Furthernore it is
very likely that any suitably prepared solid
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cells in culture, and in addition are frequently responsible for determining the phenotype
of cells in culture, i.e. they are capable of determining cell survival or directing
differentiation. The role of supplements in cell processes such as differentiation is
complex and depends on their concentration, the time point at which they are added to
the cr._llture, the cell type and medium used. The undefined nature of these supplements,




and error, as has been discussed above. The gas phase

of the tissue culture is also inportant and its
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deBE 454 he type of nedi um used, the anmount ofPCT/GB2003/004287
buffering required, whether thé culture vessel is

open or seal ed, and whether a particular cellular

prdcisis potantisl tooalfrst ribe udedt menopembavey andtisbledsthe development of
[ ent.r.af.i f.:.C on .QXi n X .
R e TR o Al r Bt T s E bt Fed PRt hieraety by ta
tahd eghnias dasbeeutitorsedebew., anount . of headspace, :

i nocul ati on density, tenperature, frequency of nedia

changes, treatment w th enzynes, rate and node of
doetgasippasonf $id figsubuitvar ki dgh Ihwrieat bné stddhgposition and volume

condi tio is therefore,a t hod of achi evi a )
R SOl et o e BB Bn s, BRE cp et Uberb Ind psHRUbA buffering
ramg_gtfl,i wreshdrites cviare altag@.m iDbpdrher aldd, @ﬁdj t\r\tlHTeﬁwer a particular cellular
condi tion n,a seri nner can, a_hi ,

BRFEE: Noedsia H%dﬂ?%{kﬁseﬁ@mw @r@g Ssuingiude cdqnseptration of carbon
diakidowad appjancat i ons, for instance in studies of cell

differentiation, it will often be the case that a
specific series of different tissue culture conditions

ather cestiisredmpert&itfie tibsucclitnd bRbe i85S ofl AGture vessel, amount
s may, i ncl yd ddi ti ons or

ifferent conditions n e )
G 1P SRy PO ot o, TeMe H AR GEA Chagas reatment
with smegaick| eitd bmMEmpad B Sgitabius lbr atirig. of condi ti ons, :
exanpl es of which are given below, are comonly

devel oped by trial end error as has been discussed
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bear diseessgddbpye-m part of the same colony. In general,

live adherent cells do not readily dissociate from

their growmh substrate, and so the integrity of the
Fepmptienofgoll gbis| st s despite any nechani cal

mani pul ation of the <carrier, agitation of the culture

medi um or transfer into another tissue culture
Agyrperani\ASpeg o eS8 OnHATrEBa (O BE0GHRBT oR8ells {cell colonies) can be

' L )t i laced . . . .

gléir\]nmt 'h?eggﬁ%dr% g@égﬁ%g@é%géﬁgﬁé %lragthgﬂﬂe olony¥ah BrgBfRaintain its
integrity under various conditions, when disturbed, and when mixed with other colonies.

Such groups or colonies are referred to herein as celf units. Formation of cell units may
be achieved, by way of illustration, by growing cells as adherent cultures on solid
substrates such as carriers. If cell proliferation occurs after séeding on the carriers, the
daughter cells will attach on the same carrier and form part of the same colony. In
general, live adherent cells do not readily dissociate from their growth substrate, and so
the integrity of the cell colony persists despite any mechanical manipulation of the
carrier, agitation of the culfure medium, or transfer into another tissue culture system.




pool ed) then there will be no substantial transfer of

cells fromone bead to another. One advantage of

growing cells in units or colonies is that if a unit
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SUSESNISH GuIEr %O%fggrymon thod of growing cells on small carriers is referred to as
“microcarrier cell cuiture (see 'Microcarrier cell culture, Principles and Methods’, Edition
AA, available from Amersham Biosciences (18-1140-62); herein incorporated in its
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Amicon, Cellex Biosciences). Cell encapsulation in semi-solid matrices has also been
developed, where cells are immobilised by adsorption, covalent bonding, crosslinking or




Am con, Cellex Biosciences). Cell encapsulation in

sem -solid matrices has al so been devel oped, where

cells are imobilised by adsorption, coval ent bondi ng,
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A method for associating a cell group with a number of different factors is to pre-form
cocktails of factors which are subsequently associated with a particular cell group. A
secand method would be to serially condition cell groups in a number of factors. Using
dry formulations of cell group growth substrates as an example, this method would
involve firstly partially swelling the substrate in a solution containing a first factor and




cocktails of factors which are subsequently associ ated
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to serlally condition cell groups in a nunber of
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Following cell culture for a given time, the cell units can be pooled by combining and
mixing the beads from the different aliquots. This pool can be split again inio X, number
of aliquots, each of which is cultured under different conditions for a peried of time, and
subsequen_tiy also pooled. This iterative procedure of splitting, culturing and pooling (or




the invention the nmethod operates by taking an initial
starter culture (or different starter cultures) of
cell units divided into Xi nunber of aliquots each
CORPAHHPRE® nul ti pl e beads (grqups/ col oni es/ car FICEHEH003/004287
whi ch are grown separately undé’r’ different culture.
conditions. Following cell culture for a given tine,
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conbi nations of culture conditions sanpled by the
experinment. This procedure can be wused to sanple

rowmh or differentiation conditions for any cell
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advantageous to split and/or pool cell units according o a predetermined protocol, the
overall effect being that adventifious duplications or omissions of comb;nattons are
prevented. Predetermined handiing of cell units can be. optionally planned in advance
and logged on a spreadsheet or computer programme, and splitting and/or pooling
-operations executed using automated protocols, for instance robotics. Labelling of cell
tJnits (see below) can be by any of a humber of means, for instance labelling by RFID,




Predeterm ned protocols The splitting and/or pooling
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An alternative or complementary technique for enriching cell units of a particular
genotype or phenotype is to genetically select the desired groups. This can be achieved
for instance by introducing a selectable marker into the cell units, and to assay for
viability under selective conditions, for Instance see Soria et al (2000, Diabetes vol 49,
p1-8) who used such a system to select insulin secreting cells from differentiated ES
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Fenniri (Editor); K. Braeckmans et al., ‘Scanning the code’, Modern Drug Discovery
(Feb. 2003); K. Braeckmans et al,, ‘Encoding microcarriers: Present and Future




Determ nation of the identity or cell culture history
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against degradation by the components of the cell culture, for example by chemical or
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Detection of tags can be accomplished by a variety of methods familiar to those skilled in
the art. Methods include mass spectrometry, nuclear magnetic resonance, sequencing,
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_Similariy, it will be clear that performing cell culture experiments in which various
conditions are omitted can give information regarding the utility of those conditions with
respect to a particular experimental outcome. It would therefore be possible to evaluate
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seeded on >10,000 glass biospheres (Whatman, UK) at approximately 1.5-2 x 10° cells
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B2 N3FL medium: DMEM/F12 (1:1) medium containing insulin  (25ug/ml), transferrin

(80ug/mi), progesterone (20rM),putrescine (100uM), selenium chloride (30nM), bFGF
{Sng/mi) and laminin (1ug/ml),
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and ascorbic acid (200 uM, Sigma, St. Louis, MO).
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Table 3
L1 TGCAGGAATTCGCGCTATGCTaACGTGAAGcCACGTCGCCgCCGCGGCCGACCCGGCCGAATI’CCTG
L2 TGCAGGAATI'CGCGCTATGCTgACGTGAAGtCACGTCGCCaCCGCCGCCGACCCGGCCGAA'ITCCTG
L3 TGCAGGAATTCGCGCTATGCTcACGTGAAGaCACGTCGCCtCCGCCGCCGACCCGGCCGAATI'CCTG
| L4 TGCAGGAATTCGCGCTATGGTU\CGTGAAGgCACGTCGCCcGCGCCGCCGACCCGGCCGAATFCCTG
L5 TGCAGGAATTCGCGCTATGCTAaCGTGAAGACACGTCGCCAQCGCGGCCGACCCGGCCGAM‘I‘CCTG
L6 TGCAGGAATI'CGCGCTATGCTAgCGTGAAGAtACGTCGCCAaCGCCGCCGACCCGGCCGAA‘ITCCTG
Ly TGCAGGAATTCGCGCTATGCTACCGTGAAGAaACGTCGCCAtCGCCGCCGACCCGGCCGAATTCCTG
18 TGCAGGAATTCGCGCTATGCTAtCGTGAAGAgACGTCGCCAcCGCCGCCGACCCGGCCGAATTCCTG
La TGCAGGAAT!‘CGCGCTATGGTAAaGTGAAGACGCGTCGCCACgGCCGCCGACCCGGCCGAATTCCTG
L10 TGCAGGAATTCGCGGTATGCTAAgGTGAAGACtCGTCGCCACaGCCGCCGACCCGGCGGAA’ITCCTG
L11 TGCAGGAATTCGCGCTATGCTAACGTGAAGACaCGTCGCCACtGCCGCCGAGCCGGCCGAA'ITCCTG
112 TGCAGGAATTCGCGCTATGCTAAiGTGAAGACgCGTCGCCACGGCCGCCGACCCGGCCGAA'iTCCTG
L13 TGCAGGAATTCGCGCTATGCTAACaTGAAGACAcGTCGCCACCgCCGCCGACCCGGCCGAATI‘CCTG
L14 TGCAGGAATTCGCGCTATGC‘TAACgTGAAGACAtGTCGCCACCaCCGCCGACCCGGCCGAATI‘CCTG
LUS TGCAGGAATTCGCGCTATGCTAACCTGAAGACAaGTCGCCACCtCCGCCGACCCGGCCGAATTCCTG
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PRF1 TGCAGGAATTCGCGUTATGC
PRR2 CAGGAATTCGGELCCGGETCGG
Table5

The PCR products were purified by phenol/chloroform exiraction foliowed by ethanol
precipitation, digested using the resfriction enzyme EcoRl (New England Biolabs,
Beverley, MA)} and cloned into similarly prepared pBluescript I KS+ vector (Stratagene,
La Jolla, CA). The recombinant vector was electroporated into competent E. coli DH5a
and plated on medium containing ampiciilin antibiotic. Two hundred colonies were picked
for each bead analysed and plasmid DNA prepared and sequenced in the region of the

polylinker.
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dEd R GRhtSexpREdsRhl of EntebL 2, BELE et 8 Nurrt would be a suitable marker
for cells destined to a dopaminergic fate. Conversely, fransfection of pluripotent stem
| cells with such genes, for example Nurr1, could result in commitment to a dopaminergic
- phenotype in vitro (Wagner et al, 1999, Nature Biotechnology, vol. 17, p 653-659).
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For the CyP450 assay, aliquots of beads in growth medium were removed and the
enzyme substrate ethoxyresorufin was added to a final concentration of 10 uM. The
samples of beads were placed on a microscope slide with a cover slip, and observed
immediately with an epifiuorescent microscope using a standard filter set for Texas
Red/rhodamine fluorescence (see Figure 9). Control cells exhibited resorufin
fluorescence about 15-20 minutes after addition of the substrate, and no fluorescence
was detected in the absence of ethoxyresorufin, When cell units were treated with B~

- naphthoflavone in a control experiment, enzyme activity is_evident within 5-10 minutes
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Pluripotent mouse ES cell units were cultured for five days in ES cell medjum (see
example 3), the ES medium was decanted and the cell units washed twice with PBS to
remove fraces of ES medium. The bead population was split into three groups, and the
PBS decanted and replaced with one of (i) ES cell medium; (i} Dutbecco’s modified
Eagle’s medium (DMEM) with 10% fetal calf serum; or (iiiy Chemically Defined Medium
(CDM; Wiles MV, Johansson BM, 1999, Exp. Cell Res., vol 247, p. 241-8). After one
hour culture under standard conditions, each of the three groups were split into three
further groups, each of which was incubated in one of: (i) the medium in which the celi

- groups were cultured; the medium in which the cell groups were cultured including 1 ph

LICI; or (iii) the medium in which the cell groups were cultured including 1 um retinoic
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he respecti
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inddbéd 8%5RELiBhH I hd Bndodermal marker HNF3p; while DMEM with RA, and to a
lesser extent LICI, ied to expression of Nestin, a marker of neuronal precursors. The .
decrease in Oct4 was particularly marked in DMEM, although LiCl inhibited the reduction

(see Figure 11).

Example 7 —Labelling of cell units using RFID
Glass-encased 1D 100-A transponders (Trovan) were freated for 2 hours with 1 N
Hydrochloric acid, washed extensively with de-ionised water, then incubated for 2 hours




cell units using a phenotypic marker Cultispher G

(Percell Biolytica) mcrocarriers were seeded with

nouse ES cells expressing a Tau-G-P fusion protein
Woekigvowwof or four weeks in a serumfree nmedi unpct/EB%03/004287
G bco KO serum repl acenent, |sébve' s nodified DVEM
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' ' - | abel | apti - mouse. . i
D e el o BB At ot TS SchltiongioR medum
wesrpedeant anktheTiates eatpined tovwbeensudatied 3 tinmes with PBS

then spotted onto mcroscope slides with nounting

medi um contai ni ng DAPI (Vector). The mpjority of cells
bransprndercwereaalsd eeaieehuitholitethe e hepatdrad REMGnd BERG2, and the
|1

e ki . = In a separate experinent ce
ﬁﬁﬁ%éi@#&ﬁ i%ﬁ%%“’%nﬁé@ e %"&?tre?%ﬁ%*r%ﬁ?&w Pragesgpies performed
dadesoribert forr denEQmallQpubitiexefls Weies agAtdiha! B MBS with 10% FCS,
‘Exanple 3), were transferred fromES nediumto CDM

and cultured for 4 days under standard conditions,
Hfer edhanpintctuliubes werel obsenietiswite nedisestieg niideecid, nBBRorescently-

e avity., The, PBS s... rempved
SRR AR S M LI ool Tl e PRt pes
adhatedeshewed g noghelespreagdingimotinelogy) atd prolifstet emike tansponders.
LN X i mes .with PBS. e.
a8 Bl B YR EDRAANDS R BRI foraton of e
celbgits eatHe labelsm HivluBqagddentityoof theXte0 upSs goaly entkgistered with a

intpd : oy v A e .
e e U R R Po RSP SRt A B R g pgjrtenance of
el d to one sanple at a dilution of 1:200 and

the anti body staining was allowed to proceed for 2
hours at roomtenperature with occasi onal
resuspension. Al three sanples were then washed three

Ekbifipte 834t Ihbeling deellfeSy ﬁﬁo@@&nﬂ@%&ém} r optical tags
| cubaged. w th the anti-tubulin antibodies dnd one
CYtodex S Jalpmcamiss dAMesshanh Giesdasgesbere deoposedtofr deman with a
lrPAEROE W Ae s : |, ! 5604
S'donkey?aatarnt i ° Hrr%%léb éﬁciéingr%%g( at)lm'i%%(cig%a%é%% 2 seifél §gume after
hydtaiipfoiRSERa) WaRTe ALt 80 MiInEes 6O raROT I<ERROORIOOARST anti-collagen

afthody conjugated to biotin (Abcam, Cambridge, UK), at a dilution of 1:50 in PBS with
2.5% fetal calf serum in a fotal volume of 200 ul. The beads were then washed three
times in a large excess of PBS by resuspension then setlling by gravity. A confrol
sample was treated the same way, but without the addition of the anti-collagen antibody.
The control and treated samples were each split into two, and one sample of each was
incubated 30 minutes at room temperature with a streptavidin-FITC conjugate at a
‘concentration of 2.5 ug/mi in a 250 pl volume of PBS/FCS. The remaining two samples
were incubated under the same conditions, but without streptavidin-FITC. Beads pre-




PBS/ FCS/ Triton X100. Al three sanples were then

washed three times with a.large - excess of PBS, then

the cell units were resuspended in nounting medi um
woned/asinssg DAPI (Sigma), spotted ont o i Cr oscOopET/GB2003/004287
slides with cover slips, and Vilewed by epifl uorescent

or confocal mcroscopy (see Figure 8, Panel 1).
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e anount’s ese I ngur's
(High fi 2iEeld) orepign 81T (Fig 18D wies @ﬂ@pamimg Binsesaeneh Mmigioscopy
the cell units were exposed. For exanple, RAin the ES
medi um i nduced .expressi on of the endodernmal marker
HNF3(3; while DMEMwith RA, and to a |esser extent

iyl gfurth%d ek&er?rﬁ@ﬁtesé‘yté’cﬁéxo% Nesbdhrierd W@Fek%bé?éd with red or green

neur onal precursors ecrease in OCct4 wa
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[
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de-’i oni sed wat e en i ncubat hour s

resuspension then setthng by gravity. An ahquot of the beads labeled by the red tags
was then mixed with an aliquot of the same volume from the sample containing beads
labeled by the green tags, to determine whether cross-labeliing would occur. The
samples were then viewed under an epifiuorescence microscope using standard filter
sets for detection of FITC and Texas Red/rhodamine (see Figures 14 and15).
Microcarriers could be robustly labeled using the latex bead tags, resulting in differently
labeled populations. The admixture of the two populations resulied in no significant
transfer of labels beiween microcarriers, meaning that the populations remained

distinguishable. The microcarriers incubated with a combination of the two tags were
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am nopropyl triethoxysilane (Sigm) in a glass vessel.
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bvi ous deterioration o
' Y‘%‘M@d gnderrepillyaregrenre éﬁ!ngtfﬂ}ar@ﬁrct fiter setd fou dehegtlaro@ﬂ f[dTBeand Texas

REGHBHEF L. WCEh Uﬁlt? g&rﬁ?‘%é’ﬂ@ gﬁ'g ami ?I\Eﬁe&]lthad been labeled by

perturbing the cel ture con

tRiPRBlinta Rl with frdex Bead {agst @ed)%ﬁpﬁp@a@m in_gde) rarg (see Figure
~cell units by fluorescent, nolecular, or optica

tags Cytodex 3 microcarriers (Amersham Bi osci ences)

are conposed of dextran wth a surface |ayer of

SierabsiRIcEPbbAALHS Ié&&' éﬁd Gt)\er EyRERXcah BERERUEARIUb a very large
settleﬂ{@glur{e%%jf_r§ tlonln PBS) were 1ncubated

BE" Rl faRegian SV ERRT TS, ain‘s s P%Iﬁ‘%&bﬁbe‘ cell units
Vi & l@egé/rat@rejdﬂm&ragmgmn@labtelsn (Abcam Canbridge, UK),
at a dilution of 1:50 in PBS with 2.5%fetal calf

serumin a total volune of 200 pl. The beads were then
washed three times in a |arge excess of PBS by

SRR bl B A o b A s ofa ctttr
paddess, on of the anti -col |l agen anti body. The control
8 BB RAG® S BUERo M b Tt s Sn oyt
3t mivpetaaters evaviet thixad stithemil@di d@tdtiek| T @icocdrigat £ 2atatia of 1:100. The
mixture was observed under a microscope using phase and fluorescence settings. Cell
units expressing GFP were readily apparent when using fluorescence microscopy, even
in a large excess of non-flucrescent carriers (see Fig. 16). Individual cell units could be
sorted manually using a positioned mounted pipefte to aspirate small volumes of the
culture containing the cell units.




concentration of 2.5 ug/m in a 250 ui vol une of
PBS/ FCS. The renmai ning two sanples were incubated

under the sane conditions, but w thout
HQ URHEBA n- FI TC. Beads pre WO 2004/ 031369 PCT/GB2003/004287
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reptavidin conjugates. Since streptavidin

tecta
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'HP'E?@PWF& withaed a@eptaﬁwafcmawde@xmams Bigee) (dexdExample 9) led
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modi f i eﬁcogtar%oto sanpl er vve?reFf%%: ate %ﬂ% %Br%;s'lng a Tau-
Grnggene were §§?fb15taé\/¢>meﬁmabt0e@rtr@d Lmita on &sxadis of celt number.

of(s'ﬁugﬂﬁtl:,coﬁfpn‘éfnérbe@ . mitd/sth &{rﬁ§$&‘?ﬁﬂsd&fﬂ cJ.I:eLné(t}F% Were passed

%ln PBS wi ofoeta serum
t @ugq'\a IDHGIMERE Rvitheet Fixalien sl dempgstrated B Bjoasy ratigehof green
flkdré$tente %teﬁﬁtyA(F@ 1WESFR O‘F'Hé“fr%ﬂuh*éhf‘ﬂ'aé 'uHéH {?:?&c?r[‘ hifghly fluorescent

a. further experinent,
CG:'R P PPl 8?@ s o g PP, r%ﬁﬂ“@‘?s @é%@ﬂuenﬂy analysed using
e;ﬁmmmemntmcloéwo@yamb@kd Hidt eBEIRMIrStS NsGRAL @fh WE&ISasis of high
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fl | 05Cl nﬁé‘ﬁ&@ ”Wﬁ%ﬁt"gd“’%c?ﬁ? §’b§i?@ﬁsq‘35r#§"t%f°f i@y fluorescence
wereegRysaly paptllzaﬂed rTTbatsJéﬁoﬁ'fatchQna'W@s gﬁﬁﬁiﬂcét@ne)éngefﬁgénon of cell
I_Lt%scgg $Jt s at roomte Lé:ln PBS with 5%
A e wEh ARRIEE B ATEHPLS reroraioren dhdigecal number,
phexcbyps, afid RBSliby w:thamm:ﬂm“tmdagihen settling by
gravity. An aliquot of the beads |abeled by the red

‘tags was then m xed with an aliquot of the sane
volune fromthe sanple containing beads |abeled by

E areer ne whether  .cross-|abelling
vvoﬁl g occr:]ﬁ’%. iﬁaeﬂ“’q‘sgﬁ%‘géq}"m?es'?%’sﬁ*e\h%d under " an
epi fl uorescence m croscope using standard filter
Cultispher G (Percell Biolytica) microcarriers were cross linked to biotin moieties (see

Example 8) and the biotinylation confirmed by comparing the level of staining with
streptavidin-FITC using fluorescence microscopy (Figure 18 A-D).

Cell units were formed by the incubation of a single-cell suspension of 10° TGFP ES
cells with 250 pl settled volume biotinylated Cultispher G microcarriers in ES cell growth
medium for 24 hours. A 50 ul sample of cell units was tagged with streptavidin-coated 1




sets for detection of FITC and Texas Red/rhodam ne

(see Figures 14 andl5). Mcrocarriers could be

robustly | abel ed using the | atex bead tags, resulting

wo dnifxasently | abel ed popul ati ons. The adm XtrireGBEon3/004287
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an i.stingui shing t . Addi ti.onal.l
SOBETRRR Boedif i PAH FBbdfok 5 Loy peebbctid ictoscope, and
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r(rDrsp@@aan YR@(EF&;)(VI&MCEJ@@% a4eh Qu@@%‘ﬁ@%é"‘rﬁt&lc:@n@xe Haﬁ'lx was digested

au G-P transgene at er
SRR Foda ISpperalisanaho i ap: s, rip oD, Belrmster (Becion
_ Bﬁbk'EHSBHtF@RZSﬂahEMEHa"t ﬁﬂ@ﬁé@ﬁ Héiﬁ)r%ﬂtﬂ) BetHSRRAR | ﬁrihé’ﬁ ym size range

g I\/I di aneter | atex beads at were cova
Frd s thet r &g Epaprmission srepiuin (Fighd Sarlal)y Sée identity of tags isolated

fromedi st YePunftfdRild B4 coRfihe B?%‘et gh%‘éﬁfﬁn@r\g}‘ﬁﬁh conform to the

st andard conditions. Analysis involve ing t
fPRFERIigty size qn&ﬁb‘@”@ﬁ%@@s’”&@“%ﬁl 3% J Ksuspensi on then
settling by gravity, and the sanples were viewed
under epifluorescence using standard filter sets for
detection of FITC and Texas Red/rhodam ne. Cell units

 Examplesing |dentiErRblisn 08 hesikiplidid oPMgshisaado BaSH cell units

| abel ed by <colloidal interaction with | atex bead tags
(red) were apparent in each case (see Figure 13). :
Bhen aeaitzbiits ocm‘r]wg@d/aﬁéty| &l Rxe:aBda®d BELHraM IRES é?n@inﬂuorescence

f | |
%ﬁ%&?‘#ﬁ*%@ ey Jedmbitblex Bbeii 5t RiSOessuers by Slesbtispher o
m&l‘dcacrmrs s{seaNEkdamptel W) geereangeiedfbydisial MEUbsINNB media containing
AR lerert e oL Sraerecoos el b Jr6Y patBach g Muorescencs
amsssasn spagrirsiangd fluoteseek® intnsiy. Pter B8 ty;gesauére’iﬂaﬁza%s were: 1) 1
B b S S B8 TR 1

sbnéQ(bf slhaun Tedfubesvaf I9lsasad (@uéﬁfurm&ﬂ)%ﬁmaﬁred by Bangs

% % Phase and fl uorescence settlng
Laboralories; and 3) bead set no. 5 in the series of 4.4 ;,Lm red—ﬂuorescent latex beads

manufactured by Bangs Laboratories.

The tagged microcarriers were then proteolytically digested, and the liberated tags were
subjected to FACS analysis as before (see Example 12). The cytofluorimeter (Becton
Dickinson FACScalibur) was calibrated with samples of the tags to set the size gales
(Fig. 19 A), and the fluorescence signatures of the three different tags were detected by
analysing events in the appropriate (green or red) fluorescence channels (Fig. 19 B-D).
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y ., units expressing G-P were readily apparent when using

-« . fluorescence mcroscopy, even in a large excess of

non-fl uorescent carriers (see Fig. 16). Individua

cell units could be sorted manually using a

positi oned nounted pi pétte to aspirate small vol unes

of the culture containing the cell units. WO
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CLAIM&t omat ed anal ysis and sorting of |abelled
mcrocarriers and cell wunits. It is desirable to be

able to anal yse and sort cel I ts i el ed
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h b‘C%/t)ngeéd 3 mcrocarriers with red
as o2l PESPAVI di n- conj ugat ed | at ex beads (Sigma) (see .
Exanple 9) led to a detectable shift in red
o HaLes & NeRrkifing meldice! B)a pfaelily dititse campivhsbmg
todex 3 mcrocarriers seeded with ES cells
cell, copipypiag YeFiEractrau- GFP transgene were used in an
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has bekRbgssdtinber s of live cells whereas cell units of |ow
' fluorescence were sparsely popul ated. Thus autonated
anal ysis, identification, and isolation of cell, units
3. camdimdjerckprsingd cal ooy wraty of eelipultyre pEndilicas. SPREPEIG,
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{¢) subdividing the second pool to create a further set of groups of cell units]
{d) exposing said further groups fo desired cuiture conditions; and

(&) optionally, repeating-steps {b) — (d) iteratively as required.




streptavi di n-FI TC usi ng fl uorescence m croscopy

(Figure 18 A-D). Cell units were forned by the

i ncubation of a single-cell suspension of 106 TGP ES

cells with 250 | settled vol une biotinyl ated

Cultispher G mcrocarri&6s in ES cell growth nedium

for 24 hours. A 50 | sanple of cell units was tagged

with streptavidin-coated 1 WO 2004A) 31369

PCT/ GB2003/ 004287 54 mred-fluorescent |atex beads
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mnu es at roomtenperature. The cell ,units.
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rounds of resuspension and settling in |arge volunes

of PBS. Epifluorescent mcroscopy was used to confirm

ﬁd?et'&‘lé'lalcc‘?fﬂPQ@%Pé Whehdln iRedfPBYS t he | at ex bead tags
spana{(yl-'dngoded18 E-G. Cell units were placed in a petri -dish

nount ed under a di ssecting mcroscope, and i ndividual

units were isolated using a pipette and placed into 5
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code, &PSHTCAIER) 8 bedd gl a rhbiefrelhugastensadng teg t hr ough a
cytofluorineter (Becton Dickinson FACScalibur) that
had been calibrated to detect events in the 1m sjze
7. rmgemdmmmg tpheay fpeacediagl cleim. Iesin Be ol atp ediursHn
f tags isolated froma
cel ungf' e ceF’ mﬁnmsmg %gﬁgéﬂeté%’:}s?l rmed by detecting
events whi ch conformto the appropriate size and
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Identification of a multiplicity of tags used to | abel
cell units The availability of a large variety of
g | &t;@thdaea&sd:ﬂgj tofatalre 7 Sehesdiz eachgaliurfi cgmpdsse epee”

characte \diplex labelling of
more GRlig3 { DungF%t’?ﬁy?lgtse%g%ﬁ[ ti spher G

rricrocarrlers (see Exanple 12) were | abelled by serial

. bat t LT f.ehmert
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orbeatll uor escence em ssion spectrum and fl uorescence

intensity. The bead types used as tags were: 1) 1 p.m

green-fl uorescent |atex beads manufactured bry Si gne,;
11. 2} niemd asesrdingito ciping 9, wheeein the plidgulstirats issa welhp
rgakent | atex beads (QuantunPl ex) manufactured
mm‘”@%gﬁa%}égs b%Laboratori es; and 3) bead set no. 5 in the
series of 4.4 mred-fluorescent |atex-beads
12 . "RiiRataesRding Yo Bay gectdidipclaitomhersin T eultisg geuritions :
) nm cro rier vverethen proteolytically digested, and
afemefﬁ"?eto“&'ﬁg g' subj ected to FACS anal ysis as
before (see Exanpl e 12) The cytofluorinmeter (Becton




Di cki nson FACScal i bur) was calibrated with sanpl es of
the tags to set the sizesgates (Fig. 19 A, and the
fluorescence signatures of the three different tags
were detected by analysing events in the appropriate
(green or red) fluorescence channels (Fig. 19 B-D). 55
13 CLAIAVRetiod shcording tudeldimr 20eteesiniba imegiatchetaisfohe ot mok  a
j 0f : Liiens on a «cell, conprising
Spﬁﬁg%g%dgpﬁmﬁm?}%j%%}!?%P%g&éasgﬁ‘irst set of groups of
cell units each conprising one or nore cells, and

146X PASInBHio® AAddorBihng UPS aty0 piEsHiR® i) Wit aRdicklh Qifie
roups to create a

subdi vi dj one or nore of._said
copfip ek SiReg fhod opPoreerrnaineeru)  expos ng
said further groups to further desired culture
qagcongi t ] —) ti - ti t eps ) eriitrnck C)
1Si t gegaﬂat\i}gfya as %‘%3@. %@Gﬁwgghd n% Z’%ﬁ@ss@%&?‘ng%t ﬁ&élpéﬁu l]‘“é%:t
cogyfifiogs eprRsine ediuring,ef enedd morespeie subetralemdi ti ons to
which it has been exposed. 2. A nethod for ,
determ ni ng the effect of a plurality of culture
16 0 orfdi PRBIR Toin identitdag |2 gepepthidy fifjuences s esliulyr proggss:
comppdsing theeeys of:i r st set of groups of cell units each

CONRQrj si ng. one e cells nd_exnosing_sajd . .
or ot e dieet o o8 Viens, R spdingy OB 8 &R Hat o
acoordapeerwithainy obé of the prepsiingaeldror,mat | east one second
POQyy, VAN 4 he I Leal-e,
Py R P b i 2GR PR e ol P e
G“@ﬂpﬂﬁﬁﬁﬁther groups to desired culture conditions; (e)
optd) aRalidivg gbRReRidNsre dﬁfe%lﬂﬁalig RikpressedJunbibedddlby BliiredS
_ rﬁgU|red; and (f) assessing the effect on a given cel
CondiliP®S- of the culture conditions to which it has been
exposed. 3. A nethod for exposing a cell to a variety
17.0f ?\%Jthog.%.'c&éﬂéiﬁq &%ﬁ% Hé,%%%%em%%@és'iré& Qﬂlur tx{&ﬁdiﬁ&ngps of.
a) providing a Tirst set of groups of ce units each
inflecopp? cafulagpioeessor nore cells, and exposing said
groups to desired culture conditions; (b) pooling two
or nore of said groups to format |east.one second
18. pooh mefhey aengtsiifiotp diaiy16 drelaise tod AP theadditiopg! éfea of
pre&l.‘t&ngh%ﬁr eS8 ihO o@hd WiforObf & lgettNby SiucleicBicie spakdsiegor

. sal urther groups to desired culture conditions; and
biclogical replication. :

18 . A method for inducing a cellufar progess, comprising the steps of:
a) idenfifying one or more genes which are differentially expressed in
association with the cellular process in accordance with claim 16 or claim 17 ; and
b) modulating the expression'of said one of more genes in the cell.

20. A method according to claim 19, wherein modutation of gene expression in

the cell comprises transfection of said one or more genes into the cell.




(e) optionally, repeating steps (b) - (d) iteratively
as required. 56 4 A nethad according to clains 1 to
3,4 wherein cell units are |labelled and the |abel(s)-
reflect(s) the culture conditions to which the cell

21uni tA hamo@@@ardmgp@aaﬁh 195wheteinetodaleticact gereiemgressionc| ai m

rein t spatially,encoded. 6. A

.“WB?%Sg‘eféE%‘%“aﬁ‘srﬁjﬁW“E{% Qe%?’prgd‘}lc\ti\her ein the label is
selected fromthe group consisting of an

220! 1 gonydagh) ﬂ&h@ﬁ\gﬁﬁ@&tﬁt@% abeliisRBESE 0  coREDApMhg a
secondary am ne al ocarbon, a mxture of stable.

the sbepsdBes, a bar code, an optical tag, a bead and a
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c eI hmete&tmgemmmmaowmsw ofsalsl e morageareing? ole
nits ar Ot HigBj hod according to
dﬁf kY %F%Fﬁegg{(?h%mrpﬁﬁﬁlst gonrprlses one or nore
ceI I's adherent to or -bounded by a solid substrate. 10.
23 MEL nl%ﬁ.oé‘%&c%‘?ﬂ NG cibith fé Fhdreid ’salmﬁégﬂlﬂorb AencB @héddie a
Subst M crocarfier or bead. 11. A method
magesording to claim9, wherein the sol id substrate is a
wel | or nedium perneable barrier. 12. A nethod
acc BRESH, RHerEhabidIimae FRly Be biltecisdibyt Ur e
24con£ﬁeg%gta&§?%%ntggl ato vv?u (r:lh tt;ne cell 5(| s exposed. 57
anIdaudasei/hod according to claim 12, wherein the nedia
contain one or nore specific agents which influence a
cellular process. 14 . A nethod accordl n o any
- 25pr eseuihvg forliauning arrbkles ROERE copprsiRg ¢ 88 Ot ondi ti ons

COMEY debbim RGrofthitly ttHé bf?&t a‘ton@'&:‘ e BEHUE: Sp@libds an a cell unit, in
ten”peratures mefhod according to any preceding

ao@qr@ﬂnﬁ?wﬁh@w&ﬂﬁofﬂﬁm&ém culture conditions conprise
cu ul byAixh R oaumeamme eonidifiospwlict inducs e calidlpemrocees; anda
Qd for fogl ng a gene which influences a

nt
ceIF Folgtin m%je ?Id conprising the steps of. a)

determ ni ng the effect of one or nore culture

con it s wikidh abig an GRiusihg fa ediplaone
COn (ABE A e i s s i
process. compiising the steps of? '

a) determining the effect of one or more agents on a cell unit, in accordance

w:th any one of claims 1 to 15 ; and
- b} identifying those agent(s) which induce the cefiular process in the celf units.

27. A method according to claim 26, comprising the additional steps of s sythesising

or isolating the agent(s).
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29, cel hetiod RE@aigse amosfsiaines 1S, mhereintthgeell iy a sty ce
beep deivad &

b) anal ysi ng gene expression in said cell units when
exposed to said culture® conditions; and c)
identifying genes which are differentially expressed
under desired culture conditions. 17. A method _
according to claim16, wherein the desired culture
conditions influence a cellular process. 18. A_pethod

aceanethowadoordiigas amyLe arime 1671718 ¢dfipr 23ifg-tAe °7

f‘@gérénja AR SRes is BIIQAbIfR@n 3k diterastatibhie codi ng

egi on of "said gene by nucleic acid synthesis or
bi ol ogi cal replication. 19 A nethod for |ndu0|nl%0<'f_lace“mathas
i dentifying, one or re genes which are differentially
éﬁaiwﬁ”§@§%gﬂgtion with the cellular process in
accordance with claim15 or claim1lT ; and b)

30. MDAy m2thot godohiingax diries28, whereih theaietls @raeulyrednor e genes in

the cell. 20. A nmethod accerding to claim19, wherein

in geth doitsaach rebiniGamarddANEE M P45 t he cel | conpri ses.

31.

transfection of said one or nore genes into the cell

58 qlendd d@#r&ﬁéjto%%ﬁ B0 Wigrdirothe keli unitd &e siNEler ei n
wod& é%lon of gene expression conprises the exogenous

caigdm ni stration of a gene product. 22 . A nethod for

33a cdl method snsprdipg tarlaie 3 wiangn fheeo

identifying the state of a cellular process of a cell

s BB Bl i £ B0 PR

' on@ﬁrtsrﬂ&je%is%h%%ﬁtho bhsbuR@d il psolipeaieesie. i n accor dance
iy

claim16 or claim17 ; and b) detecting the
nodul ati on of expression of said one, qr e genes in
@ﬂ%@%ﬁﬁgg%he cel I ul ar
process of said cell. 23. A method according to claim

microcar(( &F B33 sai d one or nore genes encode a | mar ker.

24. A nmethod according to claim23, wherein said

3§Br kg, REoriiRl RLUHA 38Ywhersh ihgsblidcassale.is 29elhommet hod

‘or inducing a cellular process, conprising the steps

mafum-pajnegide bamethi ng t he effect of one or nore culture

conditions on a cell unit, in accordance with any one
of claims 1 to 15 b) exposing a cell to culture
condi tions which induce the cellular process; and




c) isolating the desiredgsgell. 26 . A nmethod for

i dentifying an agent mhlc i s capabl e of inducing a

cellular process, conprising the steps of: a)

detern1n|ng the effect of one or nore agents on a cel
, 1 n accordance wth any one of clains 1 to 15 ;

B and A PHOHEPTE R RO asa ST $9Hae ¢ he
ischfbd ) Ay RERSRESR IR heloratBlibe. 27 A et hod

accor conprising the additional steps
of s sythesising or isolating the agent(s).. 59 28 A
3fret hédnefudacdirding toataim p3.ofherdirdtherdiffdréntjatetizells 48 19 22

7. Wherein the cellular process is cel
'5%3%1[?3?‘8‘?%;'?% W MOFF B ent i ati on. 29. A met hod
according to any of clains 1-28, wherein the cell is a
stemcells or a cell that has been derived froma ‘
stemcells in vitro. 30. A nmethod according to claim
29, wherein the cells are cultured in cell units,
each cell unit conprising one or nore cells. 31. A
nmet hod according to claim30, wherein the cell units
are single cells. 32, A nethod according to claim30
or claim 31, wherein each cell unit conprises one or
nore cells adherent to or bounded by a solid
substrate. 33. A nethod according to claim 32, wherein
the solid substrate is a mcrocanier or bead. 34. A
nmet hod according to claim32, wherein the solid
substrate is a well or nedi um perneable barrier. 60
35. A nethod according to claim 33, wherein the
differentiated cells are isolated by enzymatic
detachnment fromthe mcrocaner. 36. A nethod according
to claim33, wherein the differentiated cells are
i sol ated by digestion of the mcrocarrier.




